DOCaaSNT BESOHE 



ED 13a 744 



CE 009 548 



liTLE 

INSIIIUTION * 

SfQlJS AGENCY 

PDfi LiiTZ 
NOTZ 

AVAILABLE f ilOM 



EL^S 1?3IC£ 
DESCEIPTOBS 



Benscn, Rcbert !• • ^ ^ ^ 

Agricultural Electricity, Electric Motors, Student 
Manual, " . 

^lemson Univ., S.C, Vocational Education Media 
Center, 

South Car olina State Dept • of Education , Columbia. 
Vocational Agriculture Section. v - 

75 *^ 
20p, - ■ - • - . ^' 

Vocational Education Media Center,* 10 Tillman HalTiL 
Clemscn uAiversiry, Clemson, Sou*th Carolina 29631 

($1.00) y 

MF-iQ.83 HC-$ll67 Plus Postage. 

Agricultural Education ; *Agricult ura-l Engineering ; 
♦ Electrical Systems ; *>.lectric Circuits ; *Electric 
Motors; Engines; Equipment; Instructional Materials; 
Ma^gnets ; Manuals ; Secondary Education ; Vocational 
Educa^on 



AESIEACT - , ' ^ ■ i ' 

Addressed to tfie student, this manu^l^, which- includes 
supplementary' diagrams, discus'ses the' following topics and 
principles: Electromagnetic fields, electromagnets, parts of an 
electric motor^ determining speed of an electric motor^ types of 
electric moxors in ccirmon use (s^iit-phase , capacitor, 
rejjulsion-lnduction, three-phase)", the electric mqtor ^ 
electric motcr comparisons (in chart form). (Ti) 



<iameplate^ and' 



6 



* Documents acquired by ERIC -include many -informal unpublistjed 

* materials net available from other 'sources, Ei^IC makes every effort * 

* to obtain the* best copy, .available. Nevertheless, items of marginal 
:-€prjOducitiiity' -are often encountered and thiiT^'if^'f ects the quality * 

f the Inicrcfi^e and hardcopy reproduction's ERIC makes available * 
via the ERIC Locunient Reproduction Service (EDRSf, EDRS is not * 

* responsible^ for the quality of the original docuaent. Re^roductions^ * 

* supplied- by EDRS are the 'best that c^n be made ^rom the original. ** 



-St 



Ll_l 



) 



./ 



AGRICtlLtURA L ELECTRICITY 

I 

' ' :EbECt^C MOTORS 



Studenl Manual > 



Prepared by 

if 

- State Department of Education 
Office of Vocational Education 
Vocational Agricultural Section 
Columbia, South Carolina 29201 

In Cooperation With 

Vocational Education Media Center 
Clemson University ^ ' . 
Clemsoi^South Carolina 2963L 



197 Sf 



^ %m,r'!."/''^''^°'^ HEALTH. 
EOUCATIONAWELFARE 
NATIONAL INSTlTUTEOr 
. EOUCATION 

THIS DOCUMENT HAS^ BEEN REPon 
?HE PE/sS?;r ^clf^EoTp'oM 

STATED DO NOT NEC£ SSAR | L Y fe E P'RE- 
SBNTOFFICIAL NATIONAL I NS T i'tYtf nr 
EDUCATION POSfTlON 0g^>r^Y^ 



ERIC 



c 

ACKNOWLKDGKMKMS j 

.S'ilun'n.' appn^ciatiori is expressed to tlic ioUowing organizatichis aiid their representatives 
who assisted hi the deveiuj)iiieut of this student manual on.eiectrie ni01o;:s! 

Carohna Power ajid Light Conipauy , . . > ^\ 

Duke Power Company . . 

South Carolina Eleetric and Gas Company * , ' 

Thi|; publicatioh wiis prepared and edited by 'Robert T, Benson, Vocational Materials 
Speciidist, Vueaticinal^dueation Media Cunter. Illustrations were prepared by Ronald D: Mattox, 
Art Director, Voeational Education Media Center, t * ' 



J ■ 



1 



/ 



\ > 



\ 



/ 



3 



/ 



CONTENTS ■ ' 



Introduction ' / ^ 

Eleetromaernetie Fields ....>........*.... i . 2 

Electromagnets , 

Parts of an Electric iMoti^r 6 

Determining Speed of an Electric Motor .7 

Types of Electric Motors in Common Use .>.... 7 

Split-Phase ! . . . / .8 

Capacitor ^ * 8 

Repulsion-Induction * . . .* 10 



./. n 



Tliret'-Phase * • •. 

The Electric Motor Naineplate 12 

Slectri^ Motor Comparisons . . . . • 15 



X 

V5» 



ERIC 



INTRODUCTION 



Eire trie inotors are used tu assist us in our work aiid to make our lives easier in general, 
'just how- do eleetrie motors operate? Electric motors operate using electricity and magnetism. 
Electricity and magnetism are closely associated; however, very little is kjiown about them and 
what they are, but a great deal is known about how- tliey act. 

MagTK^tism is often defined as the povj^er to attract. Certain materials have the power to 
attract other similar materials - this force is known as magnetism. Natural magjietism occurs in 
oidy a few materials; namely, iron, nickel, cobalt and their .alloys. All other materials are 
.considered to l\e non-magnetic, . ^ , 

The question is often 'asked why some materials are magnetic and otliers non-magnetic. The 
mostjeeent theory is the "Electron Theory of Magnetism." According to this theory, magnetism 
is' caused by thd uiibalancec^ movements of the electrons in their orbits witliin the atoms of 
magnetic substances. Tlie e?^act details have not been formulated because of the difficult nature 
of the investigation. 'Figure 1 is a drawn ig of what is believed to be tlie "Electron Theory of 
Ma^ietisnu" Regardless of tthe theory, we know what magnetism can do and how we can use it. 
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Fijjun' 1. Kleclron Tliwry of Magnetism \ ^ 

iVhignets are .of tliree types: natural, permanent and electromagnets. The ones of most 
interest to us are the permanent anJ electromagnets. AU magnets have a north and south pole.' 

The study of these -so-called magnetic materials reveals tljat ihe attractibn between two 
materials is limited to a short distance. This indicates thirt tliere is a* limited areU around 
magnetic materials in which the attractive force is apparent.JThe area in which the magnet's 
pullins force is effective is called a "magnetic field." Also known is that the attracting force 
beeoiru^^onger as the magnets arc placed closer together. This indicates that around a magnet 
there are invisible lines of force (Figure 2) wliich are close togetlier near the magnet and 
progressively farther apart away from the magnet. Since the nortli pole is attracted, to the south 
pole of another magnet (Figure 3), it follows tliat the unlike poles of one magnet >vrill be 
attracted to each 'other and tlie lines of force around tlie magnet have a direction from tlie nortli 
to the south pole. As previously stated, unlike poles of a magnet attract each other, therefore, 
like poles repel wlien placed near eacji other, The fundamental law of magnetism can be stated 
as: "Unlike poles attract and like poles repel each other." 




Figure 2. Magnetic Field Around A Magnet • .' . 

The drawhig\iii Figuit; 3 mustrates how the magnetic lines of force behave Vhen unlike 
poles, are placed n^tir eacii otliof (Illustration A), and hof like poles are repelled (Illustration B). 
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(A) UNLIKE POLES ATTRACT 



Figure 3. Magnetic Attraction 



(B) LIKE POLES REPEL 



ELECTROMAGNETIC FIELDS 



^ How can tlus basic knowledge of magnetism be applied to electric motors? When a compass 

IS plac-ed near a wire tlirough wliicli current is flowing, the compass needle points toward- the 
. wire (1-igurn 4). Since a magnetic force is tlie only force that will deflect -a compass needle i 
• apparent tJiat a magnetic field is produced by the current flow in the wire. 
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Figure 4. Magnetic Field Around A Conductor 



In the eci§e of the straight eonductor, the. lines of force^orni eoneentric circles around the 
wire.' In this respect, the field'differs from that of the permanent magnet.- There are no magnetic 

J poles in the conductor at.wluch the lines of force can enter or leave.* The 'strength of the 
nitHrnetie field is increased with an increase in current flow. The increase in fhe number of lines 
of furee is in direct proportion to the increase in current flow. Tins field js distributed along the 
full lent^th of the conductor.. - ^ 

As in the eas^ of the nidgnetie lines of^orce set up by the permanent magnet, the lines of 
force around a wire travel in a definite direction. -The direction of these iihes of force is 
dependent upon the direction of current flow in the wire. If the ^direction of current flow is 
known, then the tlireetion of the lines of force around the conductor can be determined by what 
is known as the ri'ght hand rule. If the right hand grasps the conductor (with thp tmimb pointing 
JkAii the direction of current flow, the fingers will point itt the direction df lines of force around 
the conductor. If the direction of current- flow is not known, then a compass jnay be used to^ 
'determine the direction of ,the lines of force and by using the right rule, the direction of current 
flow can be deterniini5d. 
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Till' cxtnit (>r ihr luiv^nviw (ivld unmiid a (Conductor is limited in llu^icnnaiiciil inagiirl 
and is i^rof^^rcssivrly wcakVr a^; llic dislanc^^ rroni'thc conductor is increased (Figure 5). TliLs is 
sliDwn j:ra|)lnc-aHy as a series? of (:()ncenlri<: lines around the conductor progressively become 
lardier apart a.s the (listance from tlw* conductor Ls increased. For examph', with a given current 
traveling in' a 'Conductor then* will Ijibjuf^' the munlxT of lines of force at a distance of M> inch 
from lh<' coi\dn<;tor as there will hv at a distance of oiie inch. The nund>er of lines per unit iu-ca 
is called '-density." Tli(^ density of lhe;^J[H'ld Innng greatest near the conductor means'tliat the 
nio.st us<'fnl portion of the magnetic field is .rnuir the conductor. 

If we take a straight current carrying conductor and bend it into aMoop, the lines of force 
dTv stifl traveling aVound the conductor at right ailgles to it.^Thc hues of force* all pass through 
the, inside- of tlie coil. This concentrates tin* lines inside thp^ coiJ, and, tlicrcforg, materiidly , 
strengthens llw. field without incrcasi^ the curri:nt How.. In ajMition, the pohtrity oifque side of 
th(^ loop is o()posite to that on the other ^ide. Jhis can be observed by using a magnetic 
compass. The n'laguetic field around the loop is very similar to that produced by a perntHiient 
magiK't (Figure 6). " ; . 




DIRECTION OF 
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Fi<^un» 6; Mii<^r,H.tir Field Around Loop of Current Carrying ConducloK 

KLIICIROMAGNETS 



An (•i(»(^oniagnet is a singh^ conductor wound iiround a conunon core (Figun^ 7). When 
eurn:ht ia^ passed through this sim()lc coil, the current is traveling in the s;unc direction through 
•eac h loop of the coil and the magnetic lines of force are traveling in the sajne direction around* 
the wire. When curnMit is graveling in the same direction tlwougli several conductors, the lines of 
lorec around each cjjfnductor join and surround the sevt^al cX)hductors. The Tbuis of force join 
alid travel arouiuJ M the .lo(){)S of tln^ coil^iMitering the coil at one end, leaving a)i the other end 
Hijd^ returning outs|de the coil. Since alJ lin";;^ of force travel down the inside of-tlil coil, the area 
within the coil becomes a strong magnetics field. W(| also sec that.one end of theyoil has bccj5iii> 
a^north pole ihul the other a south poh^ similar to a permanent magnet ^ 

. .4 ' 
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igiire 7- Electroinagiicl / ^ . ' „ 

Air is a ,poor couductor for lines of force so the coil loses many o£ the lines of force 
around the coil to thc surrouni^^ air. In order to strengthen the field witliin tlie coil, it is 
necessary to place a sofy iron core \vdthin the t:oil replacing the air. This soft iron core is easily 
magnetized and will materially strengthen the magnetic field, Tliis then becomes a true 
eleetroma^iet. With a given amount of current passing through a coil, tlie strengtli of the 
elcctroniaj^net produced is directly proportional to tlie number .of turns in the cqjil. The strength 
of the elo«troniagnet having a given number of turns is also directly proportional to the amount 
of current passing tlirough the coil. By varying the number of turns in tlie coil and the amount 
of current passing through it, virtually any strengtli of electromagnet may be obtained. ^ 

.\n electromagnet differ^ in two ways from a permanent ipagnet. First, it is. temporary',. o^^y 
^ niagnetitvwhen currer^t is p^assing tlirough it; and, second, the poles of^an electromagnet change 
.when thejtlirection of current^ow is changed. In an ordinary 60 cycle alternating current, tliis 
* will result in, a change of the dfltedtion of flow of current 120 times per second wliich causes the 
poles of the electromagnet to reverse 120 times perr^secon^. - ' ; ' 

i • ' ^ • ■ , ^ • 

The ba^ie principle of all electric mptcrfs can. be seen if we examine the following 
^llusli^tion. When current is passed tlirough' coil l,.t|ie "north pole is establislied; and through coil 
2, tliq south pole is established (Figure 8). A permanent magriet is mounted between the ^wo 
coils so tliat it will rotate,. and lined u\) so that the 2 nortli and south polei^ are. opposite each 
other. Since like pole^'repel, the permanent magnet will be cavig^d to rotate and the force of 
attraction between the unlike poles ^^yill pull the 'permanent magnet. Now the rotation would 
(Niormally stpp, due to the attraction of the unlike poles. HoweV^erTl^ reverse the current flow 
\\\ the two. coiirTr^tliis time, we can cause tlie poles on the coils to be reversed and the 
permanent magnet would be repelled again and would continue, to rotate. If the current to the 
V^jCoils is revered every time the permanent magnet rotate(kI80 degrees or halfway ^a*ound, ^the 
magnet would continue to rotate. This simple device operates on tli^same principle as an electric 
motor. The elec"Fic ^^otor is natura|ly more complex, but it operatps on this principle. 
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COIL 2 
fl. A Simple kleclrjc Motor 



^ COIL 2 
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PAIilS^OF AN ELECTRIC MOTOR 



Eleetrie motors afe basically composed of two parts - (1) the rotor ^wliich is the rotating 
pjirt; afid (2) the ^tator which is the stationary part. These could be compared fb our permanent 
magnet and electrpmagnctic coiJs in our discussion, of how a motor runs. In addition to the two 
main p(u-ts, the mother also has a frame, end bells, and tlirough bolts; 
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I)KTKRMININ(; SPIsKI) OK AN KLKCTRIC MOTOR 

Thr sprrMi ol. an clcclric motor is.dctcTiMincd by (he eyelcis ol the (decLrieal eiilrreiil ai/d the 
immlier of pairs of piiles ih tli(^ stator. For example;, with n^giihir 60 eych; singh; ph;is(; current, 
the eyeles switch 60 times per sc^cond or 3600 tiiiH^.s \h\t ininutci. Th(v polios in the stator change 
every time (he eyehrs' change. (Considering the ex;nnple of how a motor ruiLs, this.wiU cause our 
p<Tmanenl inagnet to rotate 3600 tinics per- minute or 3600 rpm. The formuhi to cktcrnune 
speed is: • , 

''y-'':^ |.'^r-mi..ut.^ ^ ^Sp..r(l in RPM . ' ' 

' ' pairs ol poles ' * 

This speed - Ihv of the niagnc^tic fi(^ld within ti»e stator - is (Called synclironous speed/ In 

actual practiec;,''the SjAicd will 4 to 5% less due to the fact that the rotor cannot (piite keep 
up witli the speed of the pole changers witliin the stator. In the two-pole (one pair of poles) 
nyiitor, the aetuid spcu^l \^1 3450 rpm tliis difference in speed is know^i as slip. 

' , / 

The fcdlowing listing will help show the relationship of number of pairs of poles to 
synchronous speeds and aetiftJ spec^ls for electric motors operating on 60 cycle single pli^e 
current, * . " 

NundxT of 



4 
6 
8 



Synclironous 
Speed- 


Aetual 
Speed 


3600 


a450 


1800 . 


1725 


' 1200 ^ . 


1140 


900 ^ 

* 

■4 _ ' 
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FYPI'^S OF KLKCTRIC MOTORS IN COMMON USE 



Hasieally. there are four types of electric motors which are used in home and' farm 
api^Iieation. The niost' conunonly used arc the split-phase, the capacitor motors, and 
repulsion-induction motors. In certain applications where large motnrs are retjuired, tlu-ee-phasc 
motors iu-e used; these motors are siniple in construction aii(jjjiare relatively lower in cost for the 
Uu^giT motors. >y * • 

The major diffc^rence between these motors is the starting capability. After they get up to 
operating speed, all inotors will do tlu^ sariic amount of work. Wc will briefly consider the four 
types of nu)tors mentioned above and their Construction. 
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/. l'li(i\r \lntors 



S|.li(-^)lias.- iii.^)l«)is (Ifigiir.' 9) usiiallvVi;uiisist of a rot(.r and two scis of wiiKiiiigs in tli(! 
..•ifVljor. TIh- wiii(liiig.s yf. IIk; running and llic staTVing windings. T]u: running windings coiisist of 
, more liiriis <.f ii. avicr wV«' tlian-tJic slartliig win.lings and ar<! uMialJy wound on the. stator slots " 
lir.st. -niru- arc alVvayi^ tlu' saiii«- iiundx-r of {,ol«;s in both tiu; rifliaiiig aii'd starting windings with 
tiic >(<»l<-« <•*■ th(! starting windings hiiifway ht-tw(*n th(- poles of the running windings. When 
starling, llie ,nl^^!^lt flows through hoth s.^ls of windings, and after the motor reaches about 3/4 
speed, the slVling wii^dings are eut out of the eireuit Ify a eciUriJ^jgal switch.., 

RUNNIN(; WIIVDING.S* 



ROTOR 




(.l)M RIH (;ak 
SWITCH 





STARTING WINDliNGS (C & D) 



l''if;un- 9. Split I'liasf Motor 



('.(ti>it( it(>r Motors 



■ '['Ik 
capacilor-nni. 



■ < apaeilor motors can he of two types - . the capacitor-start or the'capaci tor-star t,\ 



The eapaeilor-start motor (Figure 10) is similar to the split phase in that both have the 
rotor and ..'iijrling and running windings. They differ in that tife eapacitor-stiu-t motor Jias a 
. apaeilor (eondenser) m s. ries with the stiyting winding and has a capability of starting a hmch 
lieavier load. b 

'I'he purpo.^e (.f liie capacitor is to act as a reservoir* where an electrical charge can 
stored and fed hack into tlu. circuit. The capacitor has the e/^jct of splitting the {Phases in the 
smgl.- phase, circuit wider, thereby cr(;aliiig a longer time: between the current peak aiid 
niagn.-(i.sm in the startujg winding. ^This results in a higher starting torciue and- lower starting 
eurreiil rf-(juiremeiit. ' - . ° 

. ' A capacitor (Figure I I) is made of two sheets of aluminum foib .separated by a layer of. 
an insirtTrtin^^^ material. They are usuaUy; rolled un and encased in a metal tuB^ with tlic two ' 
terminalfi connected to the aluminum foil sheets. ' - v_ - ' '/ 
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Figure 11. Capacitor 



j.^' * A eapaeitor-start, eapaeitor-ruii motor (Figure 12) is very similar to the capacitop-start 

motor; tliCroiiIV difference being an additional capacitor in series with the running winding, Ii/ 

tliis motor, tlie centrifugal switch disconnects the starting capacitor leaviiig the starting w^idiri^ 

in the circuit as an'extra running winding. In larger motors above. 3 horsepowef, the rurmifeig anc 

starting characteristics are imprf)vedi ' ^ ' |^ 

^ I 1 

' STARTING - 



CAPACITOR 



,JIUNNING 

qAP>^.aTOR 




CENTRIFUGAL 
SWITCH 



NING WINDING 



ROTOR 



STARTING WINDING 



Figure 12. , Capacitor Start ~ Capacitor Run Motor 



/\ rpu hiofujndurtun i M otors 



The repulsion-induction motor (Figure 13) is, as its name indicates, a combination 
nr()tor. The motor starts on one principle and runs on another. It starts on the principle of 
jnagnetie repulsion and wh(Mi almost up to operating speed, it switches over and nfns on the 
induction i)rineiple the same as the other motors we have discussed before. Due .to its starting 
principle, n;pulsion, it has a'^iigli starting torque and it caii handle large variations in load with a 
minimum of. variation in input cxrPent, 

The repulsion-iuduition motor has only, one winding in the stator wliich acts as a 
nniiiing winding. It has a wound rotor instead of the sc{uirre}-eage type and has a commutator 
and bnishes. . * ' 



Th' • is no direct eoimeetion between the line current and the bmshes or rotor 
wind;{.;i--. Th' brushes serve only to complete the circuit in certaih rotor jxjils, Tlus creates 
strong /i..ijju iic forces within the rotor which react with those of the stator caushig the motor 
to stiirt. When it approaches fiill fuming speed (above 75% of mnning speed), all the 
O(mimutator biirs are short-eireuited together by a centrifugal device witldn ahe rotor so that the 
rotor -operates at full speed like the squirrel-cag^^. t} pe, 

. ^10 



ROTOll COILS 




BRUSHES 



r 

COMMUTATOfV^ARS 

/ 

fo5^ CIRCbiT DEVICE 
RtJNNING WINDING 



Figure 13. Repulsion — Induction Motor 

^ > - ; / • I 

Both capacitor and repulsion-start induction motors are designed to have, tlie saJn^^^ 
high-starting torque. For tliis reason, they can be usedipterchangeably in farm applicationa^under 
normal voltage conditions. Because of havi|ig greater starting torque per ampere of current, the 
repulsion-start induction motor is less likely to aggravate a low-voltage condition or be troubled 
by voltage drop. Botli types of mot9rs are ru^edly bi^t and give go'od service pn tlie farm for 
steady or intermittent use. ^ - / 

Most repulsion-start induction miotors, even in tlie fractional horsepower sizes, can be 
operated on either 120- or 240-volt current. The stator winding is usually divided into halves and 
four leads are brought into* the terminal J)ox. These two halves are connected in parallel for 
120-volt ^id, in series, for 240-volt operation. 

Direction of rotation is determined by the position of the brushes witli respect to the 
ceiit(Ts of, the stator coils. Therefore, reversing is accomplished by sliifting the brushes to a 
different position. Some motors have a^rush-shifting lever which extends outside the motor.\ 
With others, it n^ay be necessary to remove a plate on the end shield,. and move an internal 
brush shifting device. 



L ThrvV'Vhasp Motors 

Tlu-ee-phase motors (Figure 14) are not presently used to~ any great degree on farms; 
however, with the use of' more and Janger motors, the tlu-ee-phase motor wiD become common. 

The construction of tluee-phase motors differs from tJie other motors we have 
considered. A tluee-phase motor has tluee separate windings, one for eaoi phase, wjfiich are* 
e(iually spaced around the inside of the stator. Tluee-phase electric motors use a squirrel-cage 
rotor and will start and run without starting windings. These motors are simple in construction 
having no centrifugal switch, brushes or short-circuiting devices and -are, therefore, cheaper and 
easier to maintain. The currents in these findings alternate progressively and continually so as to^ 
produce a uniformly revolving field that drags the rotor around witli it. 

11 • * 



Figure 14. Three— Phase Motor 




One major problem \vith th^ee-phase m^itors in rural areas is the availability of 
threts-phase cUiYent, In some cases a ctmverjter for changing single-phase to three-phase current 
may be used. The advantages of three-phase motors are unlimited horsepower range, simple in 
construction, rugg'ed and lower cost^or motors rated above one horsepower. 



THE ELECTRIC MOTOR NAMEPLATE 



The electric motor nam^plate can provide you with a grdat amount of information 
concerning the characteristics of the motor. In motor selection, the nameplate can give you all 
tlie needed information about a specific motor and the characteristics and/or conditions under 
wliich it will operate. 

. ^ 

A sample nameplate is shown in Figure 15. The various nunibered items are indicated by 

arrows and described below: ^ - 

/ ■■ ^ , 

^ 1. The style number is the manufacturers specifications code. It corresponds to a set of 
drawings and electrical specifications that were necessary tq^produce tiiis motor, 
f 

2. Erairie size as defined by the National Electrical Manufacturers Association, The most 
common srftaU motor frame sizes are Size 42, Size 48, and Size 56, 

3. The type of power tlie motor has been designed to operate on. Some motors operate 
^ on single-phase A-C, otliers on two-phase and tliree-phase A-C, and^stiU others on 

direct current. ^ 

4. The number of horsepower (or fractional part) this motor will produce at rated speed 

16 

12 




The speed ill revolutions per iiiiniite tliefiiiotoj; utU produce at rated horsepower, 
voltage and frequency. / . ' v 

6. Frequency at which this niotor^is to be operi;ited (j^sually 60 cycles, although. 50 cycle 
power will occasionally be encouiftered). ^ ' ' 

t\ ( Voltage at which this motor may be operated (generally this will be 115 volts, 230 
' vol ts,'' 11 5/23 volts or 220A140 volts). 

8. ?Pornid current drawn at fated^load, rated voltage, and rated frequency. 

V . . ^ , 

9. ,Anioiint in degrees centigrade Ijiy which 'motor temperature will rise over the ambient 

• or surrounding air t(niij^#rature when operating at rated loaU and speed. Forty or fifty 
degrees centigrade rise are the most common wpcS?^ - 
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10. Duty rating, the period of time Uie motor may be operated^ without overheating 
(usually "egntinuouslv). ' . ' ^ ' ^ 

11. ' A N.E.M^A. code Ictjter designating the locked rotor kva per horsepower. For,^xampIe, 
: the letter M "allows for 10 to 11.2 kva per horsepower. ^ , 

12. ^ The current tliis motor wp draw when it is loaded to its full service factor. ' 

13. ' When the motor is operating at rated- voltage and frequency, if may be overloaded up 

to the horsepower obtained by multiplying the service factor J the nameplate (rated) 
horsepower. However, wlieii operating at the full service factor, botli Jhe current and 
-temperaliire rise will exceed the values 3hown on the nameplate. . ^ 

14. Housing or type of enclosure. , ^^j^ 

15. * Type letted code that each maiiufaeturer uses to indicate sometliing about the 

eonstruc^jon and the power the motor runs on. Codes will indicate split-phase, 
ea{)aci tor- start, etc. 

16. .Manufacturers code nuniber appearing on a motor nameplate may be an actual serial 
nulnber used on only one motor manufactured by that particular company; it may 

. indicate the serial number of a motor built on a particular order for some customer; or 

it may be coded witli letters or numbers to indicate merely the date the motor was 

J. • ' 

manufactured. 

17. Tli(» type of thermoguard protection installed in this motor, • . ^ 
A — Indicates automatic reset, U. L. approved 

I) - Indicates automatic reset, time delay, U. L. approved for oil burner service 

M - Indicates manual reset, U. L. ap'proved . 

■ ■■ " ' ~ " ........ ^ ^. . . ^ . ^ 

.X — Indicates automatic or manual reset, not U. L. approved ^ , 

Note: V.,L. refers to. the Underwriters Laboratory. 

13 " ■ 

17 ' 




Fi^n* 15. ^iiiple^ naincplate which explains the basic electrical and mechanical characteristics of the motor. 

14 . 



ERIC 



ELECTRIOMOTOR COMPARISONS^^ / 



LOAD 
nPE 


MofOR 

mi 


STARTING 
» ASlLtn 
^ (TPRQUE) 


STARTING 
CURRENT 


*SIZE ' 
HP- 
RANGE 


ELECTRICAL POWER 
REQUIREMENTS . 


SPEED 
RANGE 


REVERS- 
IBLE 


RELATIVE 
COST 


OTHER 
CHARACTERISTICS 


TYPICAL 
USES ' . 


PHASf 


VOLTAGE 


(1) 


. (21 


. (1) • 


«) , 


(5)' 


(6) 




(!) 


(!) 


(10) 


(11) 


\ 

EASY 

^start*igII 

LOADS 

I 

t , 

oifficuw 
Starting 

'iSoADS ' . 

V4 


(al 

-Shaded-. 
Pole 

Induction 


Very low, 
50% 10 100% 
of its 
running 
torque, . 


Low 


1/2^ 
1/4 


Single' 


Usually 
120 


900 - 
120O 
1800 
J600. 


No 


Very 
Low 


Light ddty; low in • 
efficiency, no radio 
interference, 


Small fans, freezer blowers, 
arc welder blowers, hair 
dryers, small tool grinders, 

^-S^— ^ rr 


Split- / 
IPhgse \ J 


W 

100% to 150% 
of its' 
running ' 
torque. 


High. 

6 to 8 times 
running 
current, 
( k 


1120- 
3M 


f 

Single 


Usually - 
120 

- 4^ 


900 
, 1200 
1800 , 
3600 


Yes 


(1 

Low 


Simple const 


ft 

action. 


Fans, furnace blowers, lathes, 
small shop tools, jet pyfnps, 

\ ^ 


(c) 

Permanent- 
Split. 

Capacitor- 
Induction 


Very low. 
50% to 100% 
of its 
running 
torque. 


Low 

t 


1/20 
1 


f 

' Single 


Single 
^loltage 

120 or 
' 240 ■ 


Vari- 
able 
• 90O- 
1800 ^ 


NOi- 


Low 

\ 


Usually custo 
for special ap 
not recommer 
belt drive. 


n<designed 
plication, 
ded for 


Air compressors, fans. ^ 
T 


(d) 

Soft-Start 


Very low. 
50% to 100% 
ofjts 

running ^ 
torque, 


2'lo2Vi 
timeS' 
running 
current. ^ 


50 


Sipgle. 


240 


1800 
3600 ■ 


. J 

1 X. 


High,"-. 

. f 


Used in motor sizes 
normaHy served by 
3'P>)ase power when 3- 
phase povyer is not 
Available. 


ijphtrifugal pumps, crop 
dryer fans, feed^grinder. 

1 ^ 


(e) . . 
Capacitor- 
Start, . 
induction- 
Run 


High, 3 to 
4 times 
^running. ' 
torque. 


Medium. 
,3to6Jimes 
running 
cun^nt, 


1/6- 
10, 


Single 


120- • 
240. ' 


r 

m 

3600 


, Yes ■ 


\ ' 

Moderate 


Long servitt, low 
maintenance, very 
popular. . 


Wit/r systems, aircompres- 
sorsVventilatingtans, 
'grinders, blowers. 


(f) 

RepulSKfTi. 
Start* 
Jnduction- 
fRun 


\ 

High. 4 
times 
runriing ' 
torque. ' ■ 


Low, m 

to 3 times ■ 
running 

currerit. 

J 


■'i/e- * 

20 . i 


Single 

•> 


120- 
240 

t 


120O, 
1800 
3600 


Yes- 


Moderate 
to High 


Handles large load^^ 
variatiqns^ith little 
variation in current * 
demand. 


— — — V 

Grinders, deep'well punips, 
silbunioaders, grain \ 
conveyors, bam, cleaners. 


(g)' 

Capacitor- 
Start, 
Capacitor- 
Run ' 


High'J^2 
to.4V2 time&irtL 
running y 
torque- 


Medium, 
3- to 5 times I;., 
running 
Current, 


' 

25 


^inslp 


120- ' 
240 


900S 

1200*^ 

1800 
360'0 / 


'ycs ' 


Moderate, 


Good starting ability 
and fulHoad efficiency. 


Pumps; air compressors, 
drying fans, large convevors, 
feed'mills. * 


(h) 

Repulsion. 
Start, 

Capacitor- - 

Run ,/. 


High, 4 * > 
times ■ 
running 
torque, • 


Low, 2V! 
to 3 times ' 
running' 
current. 


MS' 
. f 


Single 


Usually ' 


J200 
; 1800 
3600 


Yes 


Moderated 
to High 

V 


High efficiency, requires 
more sen/ice than most 
motors, ' 


Conveyors, deep'well pump, 
feed mill, silo unloiader > 


(i) ' 
three- 
Phase, 
General- 
Purpose 


Medilim. 
2 to 3 times 
running 
torque. 


Low- 
medium, , •' 
3 to 4 times 
running 
current. 


Of^ 

ruore 


Three 


i2O-240J.t 
240-480 ( 

or 
higher 


1 

900 
1200. 
1800 
3600 


Yes 


Very 
Low 


i 

Very simple construction, 
dependable, service* 
free.' ^\ 


Conveyors, dryere, elevatore, 
hoists. Irrigation pumps. 



